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© Novel water-absorptive composite material and method for the preparation thereof. 

^^'^•Z^ oTZ^n Lt, e.g! acetate, and 10 to 300 parts by ws'^ht g.u«n.^ ^"^^^^^^^^^^ 
**raqueous slurry and sheet-making the slurry followed by a heat that iTls SSSlS 

^^^r^x^"^:^^'^ ^^^^ 

due to the decomposition products. 
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NOVEL WATER-ABSORPTIVE COMPOSITE MATERIAL AND METHOD FOR THE PREPARATION THEREOF 

The present invention relates to a novel composite material in the form of a shaped iDody having water- 
absorptivity but free from disintegration in water. More particularly, the present invention relates to a shaped 
body of a compos te material basically loaned of cellulose fibers and chltosan and having biodegradability 
for e>^mple. in soil. The invention also relates to a method for the preparation of such a composite material 
,. .7r ,°°']'P°f'*®, ""^^"^ °^ ^ '"mention is useful in a wide variety of applications, mainly but not 
hmitatiyelyi m the form of a sheet used, for example, as a sanitary absorbent material, sheet material for 
agncu tur^ uses, temporary pots for growing young garden trees and seedlings and the like. The services 
expected for the sheet materials in the above mentioned applibations are mostly of a temporary nature so 
that It is desirable tiiat the sheet material can be spontaneously decomposed after use or after lapse of the 
SISn^^^^°" '^^"'"^ ^"^ decomposition products which may cause a problem in environmentel 

,r.>I? "Ihl ^^'i"! '"^ ^^''^'y Prevailing applications of synthetic resin- and fiber-made 

articles .s that synthetic resm in general is highly resistant to attack from microorganisms so that debris of 
tt« articles remain in the soil or In water semipermanently so as to cause a problem of environmental 
pollution as a counterpart of the advantageous durability of the articles. Incineration treatment as a means of 
w^te disposal is also not free from some problems when waste materials are synthetic resin^ade. m view 
of these problems. It is highly and eagerly desired to develop a polymeric material suitable for shaping of 

ZZ^ Th . k"^ """^^ ''"'^""^ ""^^ °' ^'"^ r^P'^'y decomposed microbiotogically when 
the article has finished its service without causing problems in environmental pollution 

Many of the naturally occurring polymeric materials of botar^ical origin such as cellutosic pulp as a 
typical carbohydrate polymer may meet the above mentioned requirements of biodegradability to some 
^il'^J" H« ;"«*®if' '^'^^^^er. have a limitation in respect of the shaping method applicable thereto 
and tt IS a difficult matter to prepare a preclsion-shaped article from a cellulosic material. Moreover, an 
artocte shaped from a cellulosic material is defective In respect of durability and stability, in particular, in 
water. Starch is another typical carbohydrate polymer but is highly swellable in water so that a shaped body 
made from starch is readily disintegrated in water unless the shaped article is subjected to a crosslinking 
ueatment by using formaldehyde and the like as a crosslinking agent while even a trace amount of 
fornuddehyde remaining in the shaped articles may cause a serious problem to human health 

« IS known, on the other hand, that some naturally occurring polymeric materials of animal origin can be 
used M fi matenal of shaped articles including, for example, chitosan. A problem in the use of chitosan is 
n H fl^'"®" in the fom, of a salt, chitosan saHs cannot be shaped, for example, into films 

by mere drying without the troublesome procedure of fixing by an alkali treatment 

Two^of the inventors have previously proposed a biodegradable composite polymeric material made 
from cellulosic fibers and chitosan. The polymer proposed, however, is pooriy water-absorptive so that it Is 
also desirabte to impart such a biodegradable composite material with increased water-absoipBvity for 
example, in application to sanitary absorbent materials. , 

An object of the present invention accordingly is to provide a shaped article of a novel biodegradable 
composite polymenc material from naturally occuning polymeric materials having adequate water-absorDtiv- 
Hy yet not to cause disintegration in water though to be swellable to some extent 

*e invention provides a novel shaped body of a water-absoiptive and biodegradable polymeric 

composite matenal which comprises: ' 

(A) 100 parte by weight of fine cellulose fibers; 

(B) irom 5 to 100 parts by weight of chitosan: and 

(C) from 10 to 300 parts by weight of glutinized starch. 

n,.,!!^!,-^"^ "hT* ''^"u^^ fiber-based water-absorptive and biodegradable polymeric composite 
matenal IS prepared by a method whfch comprises the steps of: 

sm™m?ln^?i"^. JS° ''f l"'' ""^'E*"^ °^ ^"^ "^""'^^^ a chitosan salt in an 

^e^ aZ^Vlu^T "^"^ ^ '° '° ^ "^"^^ ^ °* glutinized starch to 

so (b) shaping the aqueous sluny of the compound into a fomi: and 

^ , ^) drying the thus shaped form of the compound by heating at a temperature in the range from 50 to 

r.y^!fll!^'^^i ^.^''f* ^ ^^^"^^ components in the inventive composite material include cellulose 
fibers Chitosan and glubnized starch. These materials are each a naturally occurring polymeric material and 
can be rapidly decomposed microbiologically in the soil or in water Including sea water and river water 
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without the problem of environmental pollution due to decomposifon producte When «ther one of tt^e 
mMeJlls alone is shaped and dried into a shaped body, however. H can hardly ^^^^^.^^"^ 
Th^«fh,iv retlns the dry form or mechanical strength under a watery environment encountered in ««ter 
shaped body retans t"!^"^ *° "^"^ ^ articles prepared from a combination of cellulose 

rhiranrs^r* 0 « chltosal sIJ a^ilS. AltELgh a composite material of cellulose fibers and a 
c osan sa 1:^0^ resistance, such a composite material is poor jatejab^^^^^^^ 

composite material can be controlled by suitably selecting the proporton of the components and the 
"^TZ Sr cellulose fibers used as the component ,A) in the inventive com«-«e ^^^^^^ 

NoTiatee ol .leacayBlioci. In tte melliod ol «» presmt Invennon. « ts aesrat* *?• " 
SltK isTlwi 40% in »«. M «« ■« ». » .»««« ™*» «*>i««l 

reouired to mix the aqueous slurry with plasticizers, fillers, colonng agents and the like. T^e «l"eo^aurry 
of riill and Optional components are then shaped and dried and heat-treated m « ^'"P^^J" 
1. ™n!nZ M to 200 • C so that the blend is converted into a composite material shaped in a desired 
LTuch aH s^eS o??im -i?.e length of time for this heat treatment should not be excessively long so as 

Wgh dTand wet strength which can be controlled by selecting the amount of the chrtosan and ^liand 

^ shaping, by which the chitosan salt is at least partly converted into ^^e chrtosat 

In *e fo lowing description, examples are given to illustrate the composrte matenal of the 
the mlo^rife prep^ation thereof in more detail although the scope of the mvenf on .s not ^mrted 
rerlTnly way. In thS following description, the tenn "parts" always refers to parts by we.ght . 
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Example 1. 

»« . ™»kK»« ««. having a o. a.««. eo urn w» nbwnnd. 
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str^nTfth If ""^ °^ ^ composite material were subjected to measurement of dry and wet 

sj^ength absorption of water and evaluation of biodegradabillty to give the results showrin Tabte 1 tetow 
The b.odegradab.lrty was evaluated in an accelerated decomposition test by culturinrchitos^rKTei^moos' 
.ng bactena m the presence of the film to record the number of days Len S tJe fi?m wS3J 
d,smtegrated mto pieces. The test of biodegradabllity was conducted as follows. ?hus fli^tTJ^s 
each 7 mm by 7 mm wide were taken in a test tube together with 5 ml of a standard Tquid c^urmXm 
and a glass bead of 6 to 8 mesh fineness and. after Inoculation of the culture medium ^T^ZTj^l 
shilT^ V'" n T'"! *° °' P^udomonas isolated from a soil in Japan theTe^X wi 

shaken ^ 28 c until two of the three test pieces were disintegrated. In a rough estim^on a dav in 

/^tTnrtS7Zlni° - «^~9h dependent o^^o^;;^; e^' 

for ,T ""7'^'°°'* j™"" W'® results shown in Table 1. the amount of the chitosan is a critical oarameter 

lTtSr.rL ^ ^ -^'^^'^ ^^^^ ^ "e obtained only wtfthe^oun 

of the chrtosan is 5% by weight or more based on the cellulose fibers. 
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Chitosan, parts 


1 


5 


10 


50 


100 


Dry strength, kg/cm^ 


600 


800 


1000 


1000 


1000 


Wet strength, kg/cnns 


< 50 


400 


600 


550 


400 


Water absorption. % 


250 


200 


150 


80 


50 


Biodegradabifity. days 


< 1 


2 


3 
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Example 2. 

^.^iX"^"^ procedure was substantially the same as in Example 1 in each of the experiments 
vS in 1 ^"^"^ ^'^'^y^ 20 parts and the amount of glutinized po^o Sch 

Z^l? 1^1°"" '° *° ^° P^"' P^^^ °f ^^^^ P"'P- The results oTSS tet^fSrd^ 

^is TnStoS r°"i°' *^ biodegradabillty are shown in Tabte ' betw 

«mo^^» «fT T ^ ^J" ^ "^^^ "r^"® 2, the water absorptivity is greatly influenc^ bv the 

amount of Ihe starch and adequate water absorptivity is obtained when the amount of SaJS^^te MoaL or 
more per 100 parts of the cellulose pulp while an excessively large amou^tT^ch^o MO ^ Z 
undesirable due to the great decrease, in particular, in the wet Ln^thrSTfilm " 

Table 2 
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Potato starch, parts 


10 


50 


100 


300 


500 


Dry strength, kg/cm^ 


1100 


1000 


1000 


450 


400 


Wet strength, kg/cnn^ 


600 


500 


200 


100 


< 50 


Water absorption, % 


20 


80 


150 


190 


220 


Biodegradabllity, days 


5 


4 


3 


1 


1 



Example 3. 
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The experimental procedure was substantially the same as In Examole 1 in earh nf «vr^^«.^^ 
parts Of the cellulose pulp and the temperature for drying and heat treatment of the slu^ spread over a 
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. ^ 900 • C The results of the tests for dry wet strength, amount 
n«tal dish was varied In the range from 30 to 200 O-J^^^^ 

of water absorption and Wodegradabrtrty oHhe filmsare ^hownj^ ^^^^ a factor 

AS is understood from the restrtts sh^ n TaWe ^^^^^/J temperature should be 

--^ - - - """" 

biodegradabllity. 

Tables 
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Heat treatment at, C 


30 


50 


100 


150 


200 


Dry strength, kg/cm^ 


300 


800 


1000 


1100 


1100 


Wet strength, kg/cm^ 


50 


100 


200 


210 


210 


Water absorption, % 




150 


130 


110 


90 


1 Biodegradability, days 


<1 


1 


3 


7 


10 
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Claims ^. . 

. . water abs^e 'cenutose ^ber-based cc.pos«e mateHa, in the form of a shaped body wh.ch 

~'"^"S^ioO Parts by weight of firie cellulose fibers; ' 
B from 5 to 100 parts by weight of chitosan: and , 

. 'fru^i'':. 5^ serTa-cSrr^ ^ ^^^^^ 

oluBtizedaan* to gWe an aqueous sujiiy; 
at least 40%. 
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